ABSTRACT-Intestine barrier disruption and bacterial translocation can contribute to sepsis and multiple organ failure, leading causes of mortality in burn-injured patients. In addition, findings suggest that ethanol (alcohol) intoxication at the time of injury worsens symptoms associated with burn injury. We have previously shown that interleukin-22 (IL-22) protects from intestinal leakiness and prevents overgrowth of gram-negative bacteria following ethanol and burn injury, but how IL-22 mediates these effects has not been established. Here, utilizing a mouse model of ethanol and burn injury, we show that the combined insult results in a significant loss of proliferating cells within small intestine crypts and increases Enterobacteriaceae copies, despite elevated levels of the antimicrobial peptide lipocalin-2. IL-22 administration restored numbers of proliferating cells within crypts, significantly increased Reg3b, Reg3g, lipocalin-2 AMP transcript levels in intestine epithelial cells, and resulted in complete reduction of Enterobacteriaceae in the small intestine. Knockout of signal transducer and activator of transcription factor-3 (STAT3) in intestine epithelial cells resulted in complete loss of IL-22 protection, demonstrating that STAT3 is required for intestine barrier protection following ethanol combined with injury. Together, these findings suggest that IL-22/STAT3 signaling is critical to gut barrier integrity and targeting this pathway may be of beneficial clinical relevance following burn injury.
INTRODUCTION
Trauma, including burn injury, has been shown to result in gut barrier disruption and bacterial translocation (1-3), which can cause systemic inflammation (4), sepsis (3) , and multiple organ failure (2, 5) . Comorbidities, including ethanol intoxication at the time of trauma, negatively impact patient prognosis and recovery. Studies have demonstrated that approximately half of patients admitted to burn units have detectable blood ethanol levels, and that these patients exhibit higher rates of infection and greater incidence of mortality (6, 7) . We have shown that ethanol intoxication exacerbates the suppression of intestinal T-cells and potentiates small bowel barrier disruption, and increases gram-negative bacterial overgrowth within 1 day after burn injury (8, 9) . More recently, we have discovered that changes to the microbiome in our rodent model of burn injury directly reflect the changes observed to the microbiome of hospitalized burn patients (10) . Microbial dysbiosis and gut leakiness may represent significant confounding factors to postburn pathogenesis.
Interleukin-22 can protect the intestinal barrier through promoting epithelial cell proliferation and antimicrobial peptide (AMP) secretion through the Janus kinase (Jak)/ signal transducer and activator of transcription (STAT) pathways (11) . The AMPs regenerating islet-derived protein 3 (Reg3b/Reg3g) and lipocalin-2 are produced by epithelial cells in the intestine, and are key to maintaining intestinal homeostasis (12) . Reg3 peptides are bactericidal against gram-positive species by binding to peptidoglycan on the bacterial cell surface, and gram-negative bacteria by permeabilizing the outer membrane (12) . Lipocalin-2 possesses bacteriostatic activity through iron sequestration (12) .
We have previously shown a significant reduction in IL-22 production from T cells in gut-associated lymphoid tissues following the combined injury (9) . Restorative treatment with IL-22 following ethanol and burn injury resulted in substantially reduced gut barrier leakiness, and mitigated gram-negative bacterial overgrowth (8) . Although IL-22 was protective following the combined insult, the mechanism of this protection remains unknown.
We hypothesized that IL-22 would protect the small intestine from microbial dysbiosis and epithelial barrier disruption via STAT3 signaling in intestine epithelial cells following the combined insult. Wild-type and VillinCre STAT3 À/À knockout mice displayed similar increases of Enterobacteriaceae and reduction in the number of proliferating intestinal epithelial cells within the small intestine crypts following ethanol and burn injury. Administration of IL-22 mitigated the increase in Enterobacteriaceae, and restored intestine epithelial cell proliferation in wild-type animals in a STAT3-dependent fashion. Together, these findings
MATERIALS AND METHODS

Animals
Male, 10-12-week-old, ($23-25 g body weight) C57BL/6 (wild type) mice were obtained from Charles River Laboratories (Wilmington, MA). Intestine epithelial cell-specific VillinCre STAT3 flox/flox knockout (henceforth referred to as ''STAT3 À/À '') mice were obtained from Dr Bin Gao at the National Institute of Alcohol Abuse and Alcoholism (NIAAA), and were rederived at Jackson Laboratories (Bar Harbor, ME). STAT3 À/À genotype was verified upon arrival at Loyola University Health Sciences Division. Mice were housed at Loyola University Chicago Health Science Division, Maywood, IL, USA, and all experiments and procedures were carried out in adherence to the National Institutes of Health guidelines for the Care and Use of Laboratory Animals and were approved by the Loyola University Chicago Health Sciences Division Institutional Animal Care and Use Committee.
Ethanol/burn injury and IL-22 treatment
Mice were subjected to ethanol and burn injury as previously described (13) . Briefly, mice were randomly separated into six different experimental groups: sham vehicle, sham ethanol, burn vehicle, burn ethanol, sham þ IL-22, and burn ethanol þ IL-22. As shown in Fig. 1A , mice received 400 mL of 25% ethanol ($2.9 g/kg) or vehicle (water) by oral gavage. Four hours following gavage when blood ethanol was approximately $100 mg/dL, mice were anesthetized with $80 mg/kg ketamine hydrochloride and $1.2 mg/kg xylazine, and their dorsum was shaved. Mice were then placed in a prefabricated template to expose $12.5% of their total body surface area. Mice receiving burn injury were submersed in 85-908C water for 7 s, resulting in a histologically proven full-thickness burn. Peripheral nerves endings are destroyed by this injury (14) . Mice were then immediately given a 1-mL intraperitoneal normal saline resuscitation injection with or without 1 mg/kg recombinant mouse IL-22 (GenScript, Piscataway Township, NJ). Mice were returned to their cages and allowed food and water ad libitum, and were euthanized by isoflurane overdose 1 day following the ethanol gavage.
Tissue staining and immunofluorescence
For hematoxylin and eosin (H&E) staining, sections of ileum were saved in 10% formalin. Tissues were processed, sectioned, and stained by the Loyola University Health Science Division Tissue Processing Core. Ki-67 stainings were performed on tissues frozen in optimal cutting temperature (OCT) medium; 5 mm sections were obtained on a Cryostar NX50 Cryosectioner (Thermo Fisher Scientific, Waltham, MA) and mounted on glass slides. Ki-67 antibody (Cell Signaling, Danvers, MA) and Alexa-488 conjugated secondary antibody (Thermo Fisher Scientific) were used. Tissues were counterstained using ProLong Gold Antifade Reagent with DAPI (Thermo Fisher Scientific) to visualize nuclei. Images were obtained on a Zeiss Axiovert 200M microscope (Zeiss, Jena, Germany) at 200Â total magnification. Brightness and contrast of images were adjusted using Photoshop CS3. Villus height was measured using Axiovision software (Zeiss). 
Fluorescent in situ hybridization
Small intestine sections were taken from the ileocecal wall and fixed in 10% formalin. Paraffin blocks and slides with 5 mm sections were prepared by the Loyola University Health Science Division Tissue Processing Core. Fluorescent in situ hybridization was performed as previously described with small adjustments (15) . Slides were deparaffinized, dried for 25 min at 508C, and then incubated with the indicated probes at a final concentration of 1 ng/mL in hybridization buffer (0.9 M NaCl, 20 mM Tris-HCL, pH 7.5, 0.1% SDS) overnight at 508C in a humidified slide box. Probe sequences were as follows (10) : universal bacterial probe EUB338: Alexa 555 5 0 -GCTGCCTCCCGT-AGGAGT-3 0 , Enterobacteriaceae probe ENTBAC 183: Alexa 488 5 0 -CTCTTTGGTCTTGCGACG-3 0 (Thermo Fisher Scientific). Following incubation, slides were washed 3 Â 15 0 in prewarmed hybridization buffer from above at 508C, air dried at room temperature, and mounted using ProLong Gold Antifade Reagent with DAPI (Thermo Fisher Scientific). Five independent images were taken from a minimum of three animals per group. Sections were imaged using a Zeiss Axiovert 200M microscope and processed using Axiovision software (Zeiss). 
Quantitative analyses of fecal microbiome
Real-time PCR was used to quantify bacterial ribosomal small subunit (SSU) 16S rRNA gene abundance, as previously described (10) . Primers targeting SSU rRNA genes of microorganisms at the domain level (Bacteria) and at the family level (Enterobacteriaceae) were used. Primers included 340F: (ACTCC-TACGGGAGGCAGCAGT) and 514R: (ATTACCGCGGCTGCTGGC) for domain-level analyses and 515F: (GTGCCAGCMGCCGCGGTAA) and 826R: (GCCTCAAGGGCACAACCTCCAAG) for Enterobacteriaceae analyses (Thermo Fisher Scientific). Ten-fold dilution standards were made from purified genomic DNA from reference bacteria (ATCC, Manassas, VA) and run in triplicate. All reactions were run using SYBR green (Bio-Rad, Hercules, CA) at 958C for 3 0 , followed by 40 cycles of 958C for 15'' and a 638C (Bacteria) or 678C (Enterobacteriaceae) for 60'' using a Step One Plus RealTime PCR instrument (Applied Biosystems, Foster City, CA).
Intestinal epithelial cell isolation
Intestinal epithelial cells were isolated from the small intestine as previously described (16) . Briefly, the distal 10 cm of the small intestine was removed, opened longitudinally, and placed in ice cold PBS. Epithelial cells were then disrupted from the tissue by vigorous shaking in a digestion solution containing 5% heat-inactivated fetal bovine serum (FBS), 1% HEPES, 1% pen/strep, 0.5% gentamicin, 5 mM EDTA, and 1 mM dithiothreitol (DTT) in 1X Hank's Balanced Salt Solution (HBSS) at 378C.
Real-time PCR gene analysis
Antimicrobial peptide transcript levels were measured using TaqMan Gene Expression Assay. Briefly, RNA was isolated from intestinal epithelial cells using a Qigaen RNEasy Kit per the manufacturer's instructions (Qiagen, Hilden, Germany). Reverse transcription was performed using a High Capacity Reverse Transcription Kit (Applied Biosystems), and real-time PCR were performed per manufacturer's instructions. Primers for Reg3b, Reg3g, lipocalin-2, and b-actin were obtained from Applied Biosystems.
ELISA
Blood was collected by cardiac puncture and allowed to clot at room temperature for 30 min. Serum was separated from red blood cells by centrifugation. IL-22 ELISA (eBioscience, San Diego, CA) and IL-22BP ELISA (LifeSpan Biosciences, Seattle, WA) were performed per the manufacturer's instructions. Lipocalin-2 ELISA (R&D Systems, Minneapolis, MN) was performed on protein isolated from small intestine epithelial cells per the manufacturer's instructions. For lung and liver ELISAs, total tissues were collected and homogenized in Cell Lysis Buffer (Cell Signaling Technology) containing protease inhibitor (Cell Signaling Technology) and phosphatase inhibitor (Thermo Fisher). Tissues were then analyzed for IL-6 (R&D Systems) and KC (R&D Systems) by ELISA. Data are expressed as the amount of cytokine per milligram of protein homogenate loaded on the plate.
Flow cytometry
Isolated small intestine epithelial cells were stained using antibodies towards cytokeratin-FITC (Abcam, Cambridge, United Kingdom ab78478) and mouse IL-22 receptor-APC (R&D Systems, FAB42941A). Cells were then run on a CantoII Flow Cytometer (BD Biosciences, Franklin Lakes, NJ) and subsequently analyzed using FlowJo Software (FlowJo, Ashland, OR).
Statistics
Data from sham vehicle and ethanol þ burn animals from independent experiments were combined and presented as the averages of those experiments. Comparisons were analyzed using a one-way ANOVAwith a Tukey post hoc test. All analysis was done using GraphPad Prism software (GraphPad, La Jolla, CA). Mice from Sham Vehicle and Ethanol Burn groups were combined from all experiments to increase sample size and minimize error; these are denoted in the figure legends. A confidence level of P < 0.05 was considered statistically significant. Significance is represented throughout the manuscript as follows:
RESULTS
We first examined the effects of ethanol, burn, and the combined insult on small intestine morphology. H&E staining of distal small intestine sections (Fig. 1B) showed a significant amount of villus blunting (widening), and villus height shortening 1 day following both burn alone and the combined injury compared with sham vehicle mice (Fig. 1C) , which supports our previous findings in rats (17) . We next wanted to quantify the proliferative capacity of epithelial cells within the small intestine to see if barrier regeneration was hindered. Immunofluorescent staining using Ki-67 showed significant decreases in the number of actively proliferating cells within the crypts of the small intestine following alcohol and burn injury compared with either alcohol or burn injury alone (Fig. 1D-E) . These data collectively demonstrate that burn injury results in a significant loss to villus morphology and IEC proliferative capacity, which is worsened in the presence of ethanol.
Previous data from our laboratory have demonstrated that there is a significant increase in both total bacteria and Enterobacteriaceae in the small intestine luminal content following the combined ethanol and burn injury (18) . Therefore, we sought to quantify the ability of small intestine epithelial cells to produce antimicrobial peptides following the combined injury. Although there were no significant differences between groups in Reg3b or Reg3g transcript expression, lipocalin-2 transcripts were increased following the combined injury compared with sham animals ( Fig. 2A-C) . We chose to focus on lipocalin-2 protein expression, as lipocalin-2 has been shown to preferentially target the gram-negative Enterobacteriaceae family by sequestering iron required for bacterial growth (19) . Lipocalin-2 protein levels in small intestine tissue were also significantly elevated compared with all other groups (Fig. 2D) . Finally, we performed fluorescent in situ hybridization using probes targeting specific regions of the 16S ribosomal gene to visualize the proximity of total bacteria (red labeled probe) and Enterobacteriaceae (green labeled probe) to intestinal villi following the injury. Bacterial proximity to intestinal villi is one subjective way to correlate the ability of bacteria and endotoxins to cross the intestinal epithelial barrier into systemic or lymphatic circulation. We observed large populations of Enterobacteriaceae (yellow arrows) in close proximity to the villi in the small intestines of mice receiving the combined insult compared with all other experimental groups (Fig. 2E ). These observations suggest that even in the presence of elevated antimicrobial peptide production from epithelial cells, Enterobacteriaceae are still able to preferentially colonize.
We have previously established that IL-22 production from T-cells in gut-associated lymphoid tissue (GALT) is significantly reduced following the combined injury (9) . In addition, administration of recombinant IL-22 was shown to reduce intestine leakiness, suggesting that IL-22 may be beneficial following acute injury (8) . We hypothesized that we could restore proliferation and further promote an antimicrobial defense by administering recombinant IL-22 at the time of resuscitation. Data in Fig. 3A-B show that treatment of mice with a single dose of IL-22 resulted in near-complete restoration of the number of Ki67-positive cells within the crypts of the small intestine following the combined insult of ethanol and burn injury. In addition, IL-22 further increased the expression of Reg3b, Reg3g, and lipocalin-2 transcripts, and lipocalin-2 protein in the small intestine epithelial cells compared with mice receiving only saline resuscitation (Fig. 4A-D) .
FIG. 2. Combined injury results in overgrowth of
Enterobacteriaceae despite increased epithelial cell AMPs. Real-time PCR analysis of AMP transcripts for Reg3b, Reg3g, and lipocalin-2 following the combined injury, sham (A-C). Lipocalin-2 ELISA from total small intestine tissue (D), n ¼ 3-11 animals per group. Specific fluorescent probes were used to perform FISH staining on total bacteria (red labeled probe) and Enterobacteriaceae (green labeled probe) on sections from distal ileum (E). Enterobacteriaceae appear yellow (arrows) due to the overlap of total bacteria (red) and Enterobacteriaceae (green) probes. FISH staining from one representative experiment, n ¼ 3-6, To further delineate the mechanism underlying IL-22-mediated protection of the intestine barrier, we used intestine epithelial cell-specific STAT3 À/À knockout mice. STAT3 has been shown to mediate the beneficial effects of IL-22 in other models of chronic inflammatory conditions, such as IBD (20) . To determine if IL-22 was mediating acute protective effects through STAT3, we administered IL-22 in STAT3 deficient mice and assessed the proliferative capacity and AMP production from small intestine epithelial cells. IL-22 administration to STAT3 À/À mice did not rescue the proliferation of epithelial cells within the crypts of the small intestine following the combined injury (Fig. 3C-D) . In addition, STAT3 À/À mice were unable to generate any antimicrobial peptide response following injury, or treatment with IL-22 relative to wild-type mice ( Fig. 4E-H) . These data together demonstrate that exogenously administered IL-22 utilizes STAT3 in intestinal epithelial cells to promote both barrier regeneration and antimicrobial peptide production following acute injury.
We sought to determine if IL-22 and STAT3 signaling plays any role in the maintenance of intestinal microbiome following ethanol and burn injury. We performed quantitative real-time PCR on 16S ribosomal RNA of both total bacteria and Enterobacteriaceae on small intestine lumenal content. Animals were housed in the same room and fed the same diet for a minimum of 2 weeks before beginning experiments to assimilate microbial exposure. Our results showed very large increases in both total bacteria (182-fold in wild type, 208-fold in STAT3 À/À knockout) and Enterobacteriaceae (1,119-fold in wild type, 3,513-fold in STAT3 À/À knockout) copies from the lumenal content of mice receiving the combined injury compared with shams ( Fig. 5A-B) . Administration of IL-22 immediately after injury impressively mitigated these large increases in total bacteria (no change) and Enterobacteriaceae (5-fold increase) copies in wild-type mice. IL-22 was, however, unable to rescue the large increases in either total bacterial (463-fold increase) or Enterobacteriaceae (9,383-fold 
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increase) populations in the STAT3
À/À knockout mice (Fig. 5A-B) . Taken together, these data support our hypothesis that IL-22 promotes intestine barrier and mitigates microbial dysbiosis following ethanol and burn injury; however, these IL-22 protective effects are dependent on STAT3 signaling in epithelial cells.
We wanted to assess the levels of circulating IL-22 to verify that IL-22 was indeed present in our mice receiving treatment. Surprisingly, IL-22 was present in circulation of mice receiving ethanol and burn injury alone. Although IL-22 levels are elevated following the combined injury, we believe the amount of circulating IL-22 may not be sufficient to provide protective benefits to the intestines. An even more interesting observation was the extremely elevated levels of IL-22 in mice receiving both the combined injury and IL-22 treatment (Fig. 6C) . There was no difference in IL-22 receptor expression on intestine epithelial cells following ethanol and burn injury compared with shams ( Fig. 6A-B) . We further examined if this IL-22 was potentially sequestered by IL-22 BP; however, no differences were observed in the expression of IL-22BP in expression (Fig. 6D) .
Finally, we wanted to assess whether IL-22 treatment helps to mitigate the systemic inflammation observed following alcohol and burn injury. To address this, we isolated protein from total liver and lung tissues to measure inflammatory cytokines present in these peripheral organs. Previous data from our lab have shown high levels of IL-6 and KC in both liver and lung tissues following alcohol and burn injury (13) . We observed increased IL-6 and KC in livers and lungs of mice receiving the combined injury (Fig. 7) . IL-22 treatment following the injury partially reduced inflammatory markers in all tissues (Fig. 7A-B, D) except for IL-6 in the lungs (Fig. 7C) . Collectively, these data suggest that IL-22 treatment helps to partially reduce systemic inflammation following alcohol and burn injury.
DISCUSSION
Here, we demonstrate that burn injury in the presence of ethanol results in decreased intestinal epithelial cell proliferation and results in a significant elevation in Enterobacteriaceae. Administration of recombinant IL-22 restored epithelial cell proliferation, AMP production, and drastically diminished microbial dysbiosis in the small intestine. Our findings further demonstrate that IL-22-mediated protection requires STAT3 signaling in intestinal epithelial cells, as STAT3 À/À knockout mice did not benefit from IL-22 treatment following injury. Together, our data highlight the importance of both IL-22 and STAT3 signaling in protection against gut dysbiosis, as well as in maintenance of gut barrier integrity following ethanol and burn injury.
We have previously shown gram-negative bacteria are present in mesenteric lymph nodes in a 20% total body surface area murine model of burn injury (10) . A corollary study in our combined ethanol and burn injury model, which uses a burn injury nearly half the size (12.5% body surface area), showed intestinal barrier leakiness and overgrowth of culturable gramnegative bacteria within 1 day following injury. IL-22 treatment significantly reduced gut leakiness and the presence of aerobic gram-negative bacteria in the small intestine (8) . The present study provides a mechanistic role for IL-22-mediated epithelial barrier regeneration and promotion of epithelial AMP secretion through STAT3, which could account for the observed barrier restoration. A recent supporting study from Hanash et al. showed that IL-22 specifically signals through STAT3 in stem cells within the crypts of both the small and large intestines to promote barrier regeneration in a murine model of graft versus host disease (21) . Although IL-22 has been shown in other models to signal through other STATs or MAPK/ERK pathways (22, 23), we found epithelial cell STAT3 to be necessary for IL-22-mediated protection in our acute model of ethanol and burn injury.
Although this study focused on the role of IL-22 on the epithelial cell barrier and microbiome, it is plausible that IL-22 could be promoting protection through other mediators as well. Several lines of evidence suggest that IL-22 can act as a bridge between the innate and adaptive immune responses following bacterial and viral infections. A recent study showed IL-22-mediated Reg3g synthesis prevented colonization by antibiotic-resistant Enterococcus faecium via toll-like receptor (TLR)-7 stimulation on dendritic cells (24) , and others have demonstrated that IL-22 mediated Clostridium difficile clearance from peripheral organs by upregulating systemic C3 complement activity (25) . It seems that T-cell TLR signaling may play a role in our model, as we demonstrated that ex vivo stimulation with TLR ligands restored IL-2 and IFN-g production (26) . Although the effects of IL-22 administration on immune cells in our system is still unclear, it is plausible that IL-22 has indirect effects on immune cell signaling in addition to its direct impact on epithelial cells to promote AMP secretion and mitigate bacterial overgrowth.
A surprising observation was the extremely high levels of IL-22 in circulation in injured mice receiving IL-22 treatment compared with all other groups. This most likely suggests either clearance of IL-22 following injury is hampered, or alternatively, IL-22 administration results in a positive feedback loop resulting in further IL-22 production from immune cells. Although literature suggests that IL-22 can signal in a positive feedback loop in conjunction with IL-20 (27) , there are currently no studies to our knowledge that have addressed how IL-22 is cleared from the host. The notion that IL-22 not only helps locally within the intestine, but also aids in prevention and clearance of systemic infections and sepsis has been shown as well. One study elegantly demonstrated that IL-22 helps prevent systemic infection with orally administered Citrobacter rodentium and opportunistic pathogens such as Enterococcus faecalis (28) . Elevated IL-22 in infection is observed clinically as well, as patients with abdominal sepsis have elevated serum levels of IL-22 (29) . Whether IL-22 is beneficial is still conflicted, as another study by Weber et al., however, showed that IL-22 inhibition was beneficial to protect from polymicrobial sepsis (30) . Mortality was observed in 3/21 mice receiving ethanol and burn injury alone (data not shown). Ethanol and burn injured mice recovered well from anesthesia and were ambulatory 4 h following the insult, suggesting that their mortality overnight was independent of the initial shock of the injury. Mortality in ethanol and burn injured mice receiving IL-22 treatment was observed in 2/10 mice and occurred within 4 h of the injury. This suggests that these animals died from the initial shock from the injury. We did not, however, observe significant differences in overall mortality with or without IL-22 treatment (data not shown).
Our data showing the benefits of IL-22 in reducing inflammation in liver and lungs help to partially support this notion. We currently do not know whether the reduction in peripheral inflammation is, however, directly due to IL-22, or as a result of another phenomenon such as improvements to the intestine following treatment. Although currently we do not know the source of circulating IL-22, we believe what is present in serum is biologically active (i.e., not sequestered by the soluble IL-22 binding protein), and preliminary data suggest that IL-22 is free in circulation, not cell associated (unpublished data). We do not believe the modest increase in serum levels of IL-22 is sufficient to mount a beneficial physiological response to the combined injury alone, and it appears that only serum levels above a certain threshold following IL-22 treatment have a positive physiological effect. Caution should, however, be used in this regard, as high/prolonged levels of IL-22 are associated with human colon cancer (31) .
Finally, the intestinal microbiome likely plays a role in postburn pathogenesis due to close interactions with the epithelial barrier. In a recent study, our laboratory showed that large increases in Enterobacteriaceae in the intestinal microbiome of mice following burn injury are also observed in humans following injury (32) . Enterobacteriaceae are able to outcompete normal commensal microbial species, specifically within the Firmicutes and Bacteroidetes phyla, and can perpetuate the effects of trauma and inflammation (33, 34) . Research examining the efficacy of pre-and probiotics following burn injury has failed to show any significant benefits (35) , which may be due to changes in the intestinal microenvironment following trauma that allow gram-negative facultative bacteria to selectively outcompete beneficial commensal microbe colonization. The cause and consequence of Enterobacteriaceae overgrowth in our model remains to be established, and this will be the focus of future studies, as the relationship between the microbiome and intestine epithelial cells is highly important for homeostasis.
In sum, this study highlights the importance of IL-22 and STAT3 signaling for protection against intestinal damage in an acute setting. We also report that IL-22 administration following ethanol and burn injury leads to a significant amount of circulating IL-22 1 day after administration, even compared with sham-treated animals. This observation gives new insight into either IL-22 clearance and/or a positive feedback loop. Finally, we propose that IL-22 is mainly protective by regulating the intestinal microbiome and preventing overgrowth and translocation of Enterobacteriaceae. Gut barrier disruption and leakiness is common to many different pathologies, and although the mechanism that causes barrier disruption amongst these different diseases may not be the same, our model of ethanol and burn injury provides insight into how IL-22 may help protect the host in these various other conditions.
